Abstract The objective of this study is to examine the association between physical and sexual violence exposure and somatic symptoms among female adolescents. We studied a nationally representative sample of 8,531 females, aged 11-21 years, who participated in the 1994-1995 Wave I of the National Longitudinal Study of Adolescent Health (Add Health). Female adolescents were asked how often they had experienced 16 specific somatic symptoms during the past 12 months. Two summary categorical measures were constructed based on tertiles of the distributions for the entire female sample: (a) total number of different types of symptoms experienced, and (b) number of frequent (once a week or more often) different symptoms experienced. Groups were mutually exclusive. We examined associations between adolescents' violence exposure and somatic symptoms using multinomial logistic regression analyses. About 5 % of adolescent females reported both sexual and non-sexual violence, 3 % reported sexual violence only, 36 % reported non-sexual violence only, and 57 % reported no violence. Adolescents who experienced both sexual and non-sexual violence were the most likely to report many different symptoms and to experience very frequent or chronic symptoms. Likelihood of high symptomatology was next highest among adolescents who experienced sexual violence only, followed by females who experienced nonsexual violence only. Findings support an exposureresponse association between violence exposure and somatic symptoms, suggesting that symptoms can be markers of victimization. Treating symptoms alone, without addressing the potential violence experienced, may not adequately improve adolescents' somatic complaints and well-being.
Introduction
Exposure to physical and sexual violence is common among US adolescents. Data from the 2009 Youth Risk Behavior Survey (YRBS) indicate that almost a third (32 %) of US students in grades 9-12 report having been in a physical fight one or more times during the 12 months before the survey, and about 4 % report being injured in a fight [1] . Almost 8 % of students had been threatened or injured with a weapon (e.g., a gun, knife, or club) on school property one or more times in the 12 months before the survey, and 20 % had been bullied. Over 7 % of students had been physically forced to have sexual intercourse. Most types of violent experiences are more common among adolescent males (e.g., 39 % of male students report having been in a physical fight in the past year compared with 23 % of female students), and are more common among non-Hispanic black and Hispanic males than among non-Hispanic whites. However, sexual victimization is more likely among females (10.5 vs. 4.5 % of males), and like physical violence, is higher among non-Hispanic black (10.0 %) and Hispanic (8.4 %) than among non-Hispanic white (6.3 %) students.
A link between violence and mental health outcomes has been long reported [2] [3] [4] , but increasing evidence suggests that violence exposure can also result in persistent physical (somatic) symptoms, and that co-occurrence or cumulative violence exposure further increases the likelihood of experiencing physical symptoms [5] [6] [7] [8] [9] . For example, exposure-response linkages between sexual violence victimization and somatic symptoms have been demonstrated for adult women [10] . In this 2007 study, women who were exposed to sexual violence were more likely to report experiencing all of the 14 somatic symptoms assessed than women who were not. Approximately one-quarter of sexual assault victims reported experiencing pain during intercourse, chest pain, feeling their heart race, constipation/diarrhea, and trouble sleeping, whereas only 12-14 % of women who were not victims of sexual assault experienced these same symptoms. In multivariate analysis, as the number of violent events increased, so did the odds of experiencing three or more physical symptoms. Further, exposure to both sexual and physical violence was associated with more symptoms than either alone. However, a significant limitation of the adult literature is that participants reflect selected samples (for example, over-samples of women with fibromyalgia and major depression [e.g., 5] or samples recruited from specialized health care settings [e.g., 8, 9] , limiting generalizability of findings. Further, studies do not necessarily assess the potential additive and/ or interactive effects of different types of violence [10] .
Several theories have been proposed to explain the mechanisms underlying traumatic experiences and somatic complaint, including somatization disorder, attachment theory, family systems approaches, social learning theory, cognitive psychobiological theory, and coping and stress response theories. For a thorough review, see Beck [11] . Although data limitations preclude testing these mechanisms in the current paper, our analytic approach is based upon research suggesting that stress exposures may induce enduring changes in neurosensory processing [12] . A number of animal models have been developed demonstrating persistent changes in neurosensory processing after exposure to non-noxious stressors such as unpredictable sound [13] , cold environment [14] , a vibrating floor plate [15] , and restraint [16] . Further, recent clinical studies indicate that stress system function may have a greater influence on pain and other symptoms appearing after common trauma exposures than do trauma characteristics (e.g., amount of motor vehicle damage [17] size of burn injury [18] ).
Despite the fact that adolescence appears to be an especially vulnerable period for experiencing physical symptoms [19] [20] [21] [22] [23] , relatively few studies have examined the association between violence exposure and physical symptoms among this age group. Among younger adolescents, bullying by peers has been linked to psychosomatic complaints [24] . Based on samples of adolescents spanning a larger age range, work suggests that both relational (i.e., spreading rumors, socially isolating acts, peer rejection) and physical violence are associated with physical symptoms [25] [26] [27] , with relationship violence perhaps having unique effects, particularly for females. However, virtually all available information for adolescents is based on retrospective reports or data from small and/or selected samples, such as a subset set of high schools in a single city [25, 27, 28] or undergraduates [29] . These limitations potentially distort our understanding of experiential contributors to somatic symptoms, an important process. Persistently high numbers of somatic symptoms independently predict health status in adult population-based studies [30] , and somatic symptoms in youth have been linked to poorer physical and mental health, greater frequency of substance abuse, and worse school performance [31, 32] . Further, progress in understanding the risk and protective factors that contribute to physical symptoms requires an integrative model that includes contextual factors, particularly those that may increase or alleviate stress [11] . Such factors may vary significantly across adolescents from diverse backgrounds.
The current study extends past research by studying the additive and interactive associations between different types of violence exposure and somatic symptoms in a nationally representative sample of 8,531 adolescent females, aged 11-21 years. Somatic symptoms of four nonoverlapping groups of adolescent females with varying types of violence exposure are compared, namely, those who experienced: (1) both sexual and non-sexual violence, (2) sexual violence only, (3) non-sexual violence only, and (4) no violence. Somatic symptoms are examined in terms of the specific types of symptoms (e.g., headaches, feeling hot, etc.) experienced, the number of different types of symptoms experienced, and the number of different chronic symptoms (i.e., symptoms that occur at least once a week) experienced.
Methods

Data Source
We conducted a cross-sectional analysis using data from the Wave I in-home interviews of the National Longitudinal Study of Adolescent Health (Add Health). Add Health is a nationally representative prospective survey of US adolescents enrolled in grades 7 through 12 in the 1994-1995 school year. Details on the study design have been published previously [33] . At Wave I, 20,745 youth completed an in-home interview between April and December of 1995 (response rate 78.9 %); audio computer assisted self-interviewing (ACASI) was used for sensitive content. A parent figure, usually the mother, also completed a questionnaire (response rate 85.6 %). It is possible that the prevalence of violence exposure or prevalence of somatic symptoms differ between the 1990s, when these data were collected, and the present. However, there are no theoretical or empirical reasons to expect that potential associations between violence exposure and somatic symptoms would be different from those identified in more recently interviewed adolescents.
We limited our analyses to females because information about sexual violence victimization was asked only of females at the Wave I interview (n = 10,489). We further limited our analysis sample to females with valid sampling weights (n = 9,641). Because of their small sample sizes, we also excluded 776 Asian and American Indian adolescents, and 334 respondents with missing data, yielding a final analysis sample of 8,531 females.
All Add Health protocols were reviewed and approved by the Institutional Review Board (IRB) for the Protection of Human Subjects at the University of North Carolina at Chapel Hill. Current analyses were deemed exempt by the IRB.
Measures
Each adolescent was classified into one of four mutually exclusive ''violence exposure groups:'' both sexual and non-sexual violence, sexual violence only, non-sexual violence only, and no violence. Classification was based on a series of items: whether the adolescent had ever been physically forced to have sexual intercourse against her will, and whether in the past 12 months the adolescent had been in a physical fight, witnessed someone shoot or stab another person, had a knife or gun pulled on her, was shot at, was cut or stabbed, or was jumped.
Adolescents were asked how often (never, just a few times, about once a week, almost every day, and every day) they had experienced each of 16 somatic symptoms during the past 12 months: headaches, feeling hot all over for no reason, stomach ache, cold sweats, feeling physically weak for no reason, sore throat or cough, feeling tired for no reason, painful or very frequent urination, waking up feeling tired, skin problems such as itching or pimples, dizziness, chest pain, aches, pains or soreness in muscles or joints, menstrual cramps, poor appetite, and trouble falling or staying asleep. The types of symptoms examined are similar to those in previous studies on violence and somatic complaint [5, 6, [8] [9] [10] 19] . We collapsed responses to each item into three categories (never, just a few times, and about once a week or more) and constructed two symptom summary variables. The first summary variable is the total number of different symptoms in the past year: few symptoms (0-8); some symptoms (9-11); and many symptoms (12) (13) (14) (15) (16) . Second, to examine very frequent or chronic symptoms, we classified adolescents into one of three mutually exclusive groups dependent upon the number of different symptoms that they experienced at least once per week: few frequent symptoms (0-1); some frequent symptoms (2-3); and many frequent symptoms (4 or more). Groupings for both summary variables were based on tertiles of the distribution for the entire female sample. 1 For multivariate analysis, somatic symptoms were grouped together. This is a common analytic strategy [6, [8] [9] [10] 19] because there is little evidence to differentiate biological mechanisms that may mediate changes in neurosensory processing in some symptoms versus others.
Covariates included age at Wave I (less than 16 [referent group], 16-18, and greater than 18 years), self-reported race-ethnicity (non-Hispanic white [referent], non-Hispanic black, and Hispanic), and parental education as an indicator of the socioeconomic status of the adolescent's family of origin (no college and some college/trade school or beyond [referent] ). Missing parental responses were replaced with the adolescent's report of the educational attainment of the parent.
Analysis
Descriptive statistics (including percentages weighted for sampling probabilities) and bivariate analyses (including Pearson's Chi square tests) were used to compare the distributions of sociodemographic characteristics (age, race/ ethnicity, and parental education level) and the 16 somatic symptoms across the four violence exposure groups. We examined associations between adolescents' violence exposure and somatic symptoms in bivariate comparisons (Pearson's Chi square tests) and with multinomial logistic regression models that modeled the log odds of membership in the symptom groups as a function of violence exposure, age, race-ethnicity, and parental education. All analyses were conducted using Stata version 10.0 (StataCorp. Stata Statistical Software: Release 10. College Station, TX: StataCorp LP, 2007), and were adjusted for Add Health's complex design. We tested for possible interactions between violence exposure group and all covariates.
Results
Violence Exposure
Among the 8,531 female adolescents in the analysis sample, 404 (4.7 %) reported both sexual and non-sexual violence, 234 (2.7 %) reported sexual violence only, 3,064 (35.9 %) reported non-sexual violence only, and 4829 (56.6 %) reported no violence. Among adolescents experiencing both sexual and non-sexual violence, 91 % reported being in a physical fight, 38 % reported having a knife/gun pulled on them, being jumped, stabbed, or shot, and 29 % reported observing a shooting or stabbing. Four in 10 (42 %) girls who experienced both sexual and nonsexual violence reported more than one type of non-sexual violence. Among adolescents experiencing non-sexual violence only, 89 % reported being in a physical fight, 28 % reported having a knife/gun pulled on them, being jumped, stabbed, or shot, and 21 % reported observing a shooting or stabbing; 30 % of this latter group experienced more than one type of non-sexual violence.
Sociodemographic Characteristics of Violence Exposure Groups
Adolescents in the four violence groups differed significantly in sociodemographic characteristics (see Table 1 ). As with other national data capturing violence exposure, a higher percentage of non-Hispanic white youth reported experiencing no violence (63 %) relative to non-Hispanic black (40 %) or Hispanic youth (48 %). Non-Hispanic black females had the highest past year prevalence of nonsexual violence experiences. Youth whose parents had attained some college or beyond were less likely to report violence, with the exception of sexual violence only. In general, older adolescents were more likely to report violence exposure. Age differences were most apparent relative to sexual violence, which reflects lifetime experiences and therefore a longer exposure period. All percentages are adjusted for sampling probability; sample sizes are unweighted a Sexual violence is defined as having ever been physically forced to have sexual intercourse against your will b Non-sexual violence includes at least one or more of the following types of violence in the past 12 months: participating in a physical fight; having a knife or gun pulled on you, being jumped, shot, or stabbed; shot, or stabbed; and observing a shooting or stabbing Somatic Symptoms and Violence Experiences Table 2 displays the frequency of experiencing each somatic symptom reported by girls in each violence exposure group. As documented in other work using Add Health data [23] , physical symptoms are common among adolescents. More than half of the symptoms are reported to be experienced once a week or more by 10 % or more of the girls in each exposure group. The frequency of somatic symptoms does vary, however, by types of violence exposure (Table 2) , although most symptoms show a similar pattern. Adolescents who experienced both sexual and non-sexual violence were the most likely to experience chronic symptoms (i.e., symptoms that occurred once a week or more for the past 12 months), followed by the group who experienced sexual violence only, then the group who experienced non-sexual violence only, and lastly, the no violence group. Youth who experienced both sexual and non-sexual violence, and youth who reported sexual violence only, were generally less likely to report no symptoms during the past year. For every symptom, the association between violence exposure and symptoms was statistically significant (p \ 0.0001). Table 3 shows that the number of different symptoms experienced varies significantly by the types of violence experienced (p \ 0.0001), with an exposure-response pattern being evident. Almost half (46 %) of adolescents who experienced both sexual and non-sexual violence were grouped into the highest number of different symptoms per year category (12-16 symptoms per year), compared to 39 % of adolescents with sexual violence only, 34 % of adolescents with non-sexual violence only, and 27 % of adolescents with no violence. There was also a significant relationship (p \ 0.0001) between adolescents' experiences of violence and the number of chronic symptoms during the past year (i.e., number of symptoms that occurred at least once a week during the past 12 months), with an exposure-response pattern again being evident. The greatest number of frequently occurring symptoms (4 or more frequently occurring different symptoms per year) were experienced by 56 % of adolescents with both sexual and non-sexual violence, 48 % of adolescents with sexual violence only, 42 % of adolescents with non-sexual violence only, and 29 % of adolescents with no violence. Table 4 displays the odds ratios and 95 % confidence intervals from adjusted models. No interactions between violence exposure group membership and control variables were significant, so only main effects are shown. Associations between experiences of violence and both symptom variables remained statistically significant after adding controls, and show similar patterns. Adolescent females who experienced both sexual and non-sexual violence were at highest risk of physical symptoms, followed by girls who experienced sexual violence only, girls who experienced non-sexual violence only, and finally girls without violence experiences. Eleven of these twelve estimated odds ratios were statistically significant. Confidence intervals for sexual and non-sexual regression coefficients do not overlap with coefficients for experiencing both types of violence, suggesting significant interactions between experience of sexual violence and non-sexual violence. For example, comparing a high number of different symptoms to a low number of different symptoms, the (adjusted for other covariates) odds ratio measuring the association between sexual violence (in the absence of non-sexual violence) and this dichotomous outcome is 2.10; however, in the presence of non-sexual violence, this odds ratio changes from 2.10 to 3.83, indicating a strong interaction effect. Also, note that the value of 3.83 is not contained in the 95 % confidence intervals (1.40, 3.15) and (1.57, 2.14) associated with sexual violence and non-sexual violence, respectively.
Additionally, after adjustment for violence exposure, age and parental education, non-Hispanic black and Hispanic female youth had lower odds of reporting a medium or high number and frequency of symptoms than nonHispanic white females. In addition, females between the ages of 16 and 18 had higher odds of reporting more symptoms and frequency of chronic symptoms than females younger than 16.
Discussion
Although adolescents are particularly vulnerable to experiencing physical symptoms, few studies have examined associations between symptoms and different types of violence exposure in this age group, and what available information there is primarily reflects analyses of data from small selected samples or from retrospective reports. Our findings indicate, in prospective data collected from a nationally representative sample of US adolescents, that violence exposure is common among adolescent females, and that physical symptoms are differentially associated with different types of violence. Girls who experience both sexual and non-sexual violence are most likely to experience high numbers of different somatic symptoms, and high numbers of chronic symptoms. The ''sexual violence only'' group is the next highest in terms of likelihood of somatic symptoms, followed by the ''non-sexual violence only'' group. This pattern suggests an interaction between the effects of sexual and non-sexual violence as well as an exposure-response association between co-occurring and/ or cumulative violence exposure and somatic symptoms among a diverse national sample of US adolescents. This is a new finding that is consistent with exposure-response associations between violence and physical symptoms seen No violence (n = 4,829) n (%) n (%) n (%) n (%) in smaller and more select samples of adults [10, 34, 35] and adolescents [6] , and between violence and subsequent psychological and emotional symptoms (versus somatic symptoms as examined here) among youth [36] . Our findings are also consistent with a smaller, populationbased study of Swedish adolescents [37] , which found (46) 138 (35) 79 (19) 221 (56) 121 (30) 62 (14) Sexual violence only a 96 (39) 77 (35) 61 (26) 116 (48) 59 (29) 59 (22) Non-sexual violence only b significant associations among harassment by peers (e.g., ''Other students accuse you of things that you haven't done or things you can't help,'' ''One or more students have hit you or hurt you in some way''), perceptions of stress, and two specific somatic symptoms, abdominal pain and headaches. Although our study was not able to test potential mechanisms linking violence exposures to somatic complaints, we found evidence that the frequencies of all the 16 symptoms assessed were higher among female adolescents experiencing multiple forms of violence. This suggests that the biological mechanism connecting violence and somatic symptoms is not unique for each symptom. Rather our findings indicate a general elevation across many somatic symptoms with violence exposure. More research is needed to better understand the mechanisms underlying violence exposure and subsequent somatic symptoms, and the interventions that might ameliorate these negative health consequences.
Limitations
Although our analyses have many strengths (they examined a large nationally representative sample of adolescent females using an extensive list of somatic symptoms), they also have limitations. Most importantly, because of data limitations, we are unable to precisely sequence violence exposure and onset of somatic symptoms. This is especially problematic for sexual violence, which was assessed in terms of lifetime exposure. Therefore, it is possible that somatic symptoms preceded some exposures. Second, the questions assessing physical violence are not necessarily inclusive of familial violence or maltreatment by caregivers. Thus the ''no violence'' category could capture adolescents who have experienced some type of violence, such as parental maltreatment, that was not assessed in the Wave I questionnaire. Further, adolescents in the violence groups may have experienced other forms of victimization that are not included in the study definitions. Additionally, the Non-sexual violence includes at least one or more of the following types of violence in the past 12 months: participating in a physical fight; having a knife or gun pulled on you, being jumped, shot, or stabbed; and observing a shooting or stabbing c Each adolescent was classified into one of three mutually exclusive symptom groups dependent upon the total number of different types of the 16 symptoms experienced during the past year: few symptoms (0-8); some symptoms (9-11); and many symptoms (12) (13) (14) (15) (16) d Adolescents also were classified into one of three mutually exclusive groups dependent upon the number of different symptoms that they experienced at least once per week: few frequent symptoms (0-1); some frequent symptoms (2-3); or many frequent symptoms (4 or more)
perceived severity of violence experiences was not assessed, so it is not possible to characterize violence exposure more fully. This limitation points to the need for additional research into the etiology of linkages between violence exposure and somatic symptoms during adolescence. A third limitation is that in Add Health boys were not asked about sexual victimization in the adolescent (Waves I and II) interviews, so we are unable to examine these associations for male youth. Fourth, there may be additional potential confounders that we have not included in our statistical models. For example, a history of excessive alcohol and drug use may be related to other types of violence exposure, as measured here, and to traumatic symptoms. Finally, we note that previous research studies have used a variety of cut points for somatic symptoms, and the tertiles used here do not necessarily carry distinct clinical meaning. Despite these limitations, our findings suggest the potential importance of somatic symptoms, especially multiple chronic symptoms, as markers for violence exposure and victimization. Given the large numbers of adolescents exposed to multiple types of violence, and the likelihood of repeated violence victimization across the life course [6, 31] , treating symptoms alone, without addressing the potential violence experienced, may not adequately improve adolescents' somatic complaints and well-being. Health professionals would be well-advised to ask about violence among their female patients presenting with many somatic symptoms, and to explore problems in peer relationships.
As part of an effort to understand the mechanisms underlying violence exposure and subsequent somatic symptoms future research would benefit from longitudinal analysis in diverse samples. Studies that examine the potentially differential effects of violence exposure among males and females are needed. For example, there is some suggestion, albeit in small, non-representative samples, that emotional reactivity and/or personal coping skills may moderate the effects of peer rejection among adolescent girls (more reactive adolescents have more physical symptoms), but appear not to serve as effect modifiers for boys [26] . These types of distinctive associations, especially if examined over time for adolescents of diverse backgrounds and living in different contexts, can inform prevention and intervention programs and potentially lower the risk of future health problems.
